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Description 

[0001] The present invention relates to a pharmaceutical preparation tor the treatment of inflammatory processes. 
[0002] Sepsis is one of the main causes of death in developed countries and is commonly associated with the con- 
s sumptive coagulopathy disorder, disseminated intravascular coagulation (DIG). One of the most common causes of 
sepsis is gram-negative or gram-positive bacterial infection. Lipopolysaccharide (LPS) or endotoxin, a cell wall com- 
ponent of gram negative bacteria such as Neisseria meningitidis, causes the production of proinflammatory, pyrogenic 
cytokines such as tumor necrosis factor a (TNFa), interleukin-1 (IL-1), interleukin-6 (IL-6) and interleukin-8 (IL-8). The 
circulatory levels of IL-6 and IL-8 have been shown to positively correlate with the severity of disease. These proin- 
10 flammatory cytokines induce the expression of procoagulant tissue factor on monocytes and endothelial cells, thereby 
activating the extrinsic coagulation pathway. LPS can also activate factor XII, the contact phase of the intrinsic coag- 
ulation pathway. Activation of the coagulation cascade frequently leads to DIG, which is characterised by a pronounced 
depletion of coagulation factors and inhibitors. The consequence of this decrease in coagulation inhibitors, such as 
Antithrombin 111 (AT III), is uncontrolled thrombin formation leading to fibrin deposition in the microvascular beds; the 
IS reduction In clotting factors and platelets results in bleading diathesis. Simultaneously, the fibrinolytic system is acti- 
vated increasing the likelihood of haemorrhage. Patients with congenital or acquired AT III deficiency and neonates/ 
young children who have immature vascular endothelial anticoagulant systems, and therefore low levels of the coag- 
ulation inhibitors such as Protein G, are much more susceptible to DIG in the course of septic shock. Hence down- 
regulation of proinflammatory cytokine would be a desirable treatment for sepsis induced DIG. 

20 [0003] During DIG, there is a massive consumption of AT III, the major plasma coagulation inhibitor. This is confirmed 

by a common observation in patients with septic shock where the plasma AT III levels in non-survivors are significantly 
lower than in sunrivors, and this decrease is more marked in individuals with DIG associated with sepsis. The general 
consensus is that an AT III level of less than 60% of normal results in a 100% mortality rate. Apart from its inhibitory 
action on thrombin AT III also has potent inhibitory effects on other coagulation serine proteases including factors IXa, 
25 Xa, XIa and Xlla. The rationale for treatment of DIG patients with AT III concentrate is therefore to replace the consumed 
inhibitor, so that thrombin formation could be controlled. 

[0004] The present invention relates to the anti-inflammatory properties of AT Ml concentrates which are distinct from 
its anti-thrombin and anti-clotting capability. In a series of experiments the mechanism by which AT III inhibits LPS 
induced coagulation related inflammatory events i.e. the expression of procoagulant tissue factor and cytokines has 
30 been investigated. Human whole blood, isolated mononuclear cells (MNGs) or human umbilical vascular endothelial 
cells (HUVEGs), when stimulated with E.coli LPS, responded with a dose dependent increase in the secretion of IL-6 
and cell surface expression of tissue factor. AT III dose dependently inhibited these responses to LPS. Two surprising 
aspects arise from this data. Firstly, AT 111 is a potent inhibitor of thrombin, factor Xa and other activated clotting factors, 
but it is not known to inhibit tissue factor activity or expression. Secondly, AT 111, a serine protease, is not known to 
35 interact with the cytokine network, yet IL-6 production evoked by LPS In the presence of AT III was decreased. Therefore 
AT III Is not acting purely as an anticoagulant but may also affect the signalling mechanism for regulation of the proin- 
flammatory cytokines. 

[0005] Subject of the invention is therefore the use of Antithrombin 111 for the manufacture of an anti-inflammatory 
pharmaceutical preparation. Such a pharmaceutical preparation inhibits the production of pro-inflammatory cytokines 
40 and of tissue factor and Is useful for the treatment of a sepsis induced disseminated Intravasal coagulation (DIG), 
especially if caused by lipopotysaccahdes (LPS). 

[0006] The following describes the anti-inflammatory properties of AT Ml. 

[0007] Human umbilical vein endothelial cells or purified MNGs were stimulated with 0-10ng/mg of LPS (E.GoIi 2nd 
International Standard for Endotoxin) for 4-6 hours, in the absence or presence of AT Ml. The cells were than spun and 
45 the supernatants were used for cytokine measurement, while the cells were washed and assayed for tissue factor 
activity. IL-6 and IL-8 were measured by specific ELISA while tissue factor production was determined by tissue factor 
specific functional chromogenic assay. Table 1, 2 and 3 show typical results observed in the three cellular systems. 
With increasing doses of AT Ml, 20-40 lU/ml in these experiments, there was a corresponding decrease in the production 
of TF, IL-6 and IL-8. 
so 



Table 1 : 



%-inhibition of TF, IL-6 and IL-8 production by AT Ml, in the presence of 1 ng/ml of LPS, in MNGs. 




% Inhibition | 


AT 111 (lU/ml) 


20 


30 


40 


TF 


18,1 


36,6 


58,1 



2 
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Table 1; (continued) 



%-inhrbltion ot TF. IL-6 and IL-8 production by AT III, in the presence ot 1 ng/ml ot LPS, In MNCs. 




% Inhibition | 


LIL-6 


49,0 


72.5 


89,2 


IL-8 


-19,4* 


-7,6* 


8,8 



* -denotes potentiation 



[0008] In isolated MNC systems, AT III inhibited the production ot both tissue factor and IL-6 in a dose dependent 
manner. At 20 and 30 lU/ml, AT HI potentiated the expression ot IL-8, but a reduction ot 8,8% was observed at 40 lU/ml. 

Table 2: 



%-inhibition ot TF, IL-6 and IL-8 production by AT III, in the presence ot 1 ng/mg ot LPS, in HUVEC. 




% Inhibition 


AT III (lU/ml) 


20 


30 


40 


TF 


7.3 


14.3 


36,3 


IL-6 


18,5 


32,7 


69.0 


IL-8 


-18,1* 


4.3 


21,3 



* • denotes potentiation 



25 [0009] As found with MNC. AT III also Inhibited expression ot tissue factor, IL-6 and IL-8 by LPS stimulated HUVEC. 



30 



35 



[0010] As the above results illustrate, in whole blood, AT HI inhibited the production ot tissue factor and IL-6 to a 
greater extent when compared to MNCs or HUVECs; with - 93% inhibition ot TF at 40 lU/ml AT III. 

[0011] These results indicate that, apart from the inhibition ot thrombin and other activated clotting factors, AT III 
may have a role in modulating the levels ot prointlammatory cytokines. Hence, AT III concentrates could be used 
clinically to down-regulate the expression and production ot pro-inflammatory cytokines (TNFa, IL-1 . IL-6, IL-8) and 
procoagulant tissue factor, induced by bacterial LPS, as In the case ot sepsis induced DIC. 

[0012] Based on the above mentioned findings a pharmaceutical preparation containing AT III has been developed 
tor the treatment ot inflammatory processes which are characterized by an increased distribution ot cytokines and/or 
tissue factor in the human body. Such preparation may be administered by injection or infusion. Normally it will be 
ottered tor sale as a dry substance in a vial with a piercable cap together with a separately packed solvent. The amount 
ot the active ingredient tor each administration is normally between 250 and 2500 lU. As a solvent water pro Injection. 
Ringer lactate solution or an isotonic water solution may be used which may contain citrate, glucose, sodium hydro- 
genphosphat, one or several amino acids, human albumin or an infusion solution containing a plasma replacement. 



Claims 

1 . Pharmaceutical preparation tor the treatment ot inflammatory processes which are accompanied by an increased 
distribution ot cytokines and/or tissue factor In the human body, characterized in that the preparation corrtains 
Antithrombin ill. 



Table 3: 



%-inhibition ot TF and IL-8 production by AT III, in the presence ot lOng/mg ot LPS, In whole blood. 




% Inhibition 


AT III (lU/ml) 


20 


30 


40 


TF 


54,42 


88,14 


92,54 


IL-6 


100 


100 


100 


* - denotes potentiation | 
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2. Use of Antithrombin 111 for the manufacture of an anti-inflammatofy pharmaceutical preparation. 

3. Use of Antithrombin III as claimed in Claim 2 for the manufacture of a pharmaceutical preparation which inhibits 
the production of pro-inflammatory cytokines and of tissue factor. 

5 

4. Use of Antithrombin ill as claimed in Claims 2 and 3 for the manufacture of a pharmaceutical preparation for the 
treatment of a sepsis induced disseminated intravasal coagulation (DIC). 

5. Use of Antithrombin III as claimed in Claim 4 for the manufacture of a pharmaceutical preparation for the treatment 

10 of a sepsis induced DIC caused by bacterial lipopolysaccarides (LPS). 



IS 



20 



2S 



30 



3S 



40 



45 



SO 



ss 




EPO FORM 1503 Oa.M (P(H001) 



EP 1 023 902 A1 





Citallon of document wtth IndicaDon, where appropriate, 
of relevant oassaoes 



OKAJinA K ET AL: 'The anti-inflammatory 

properties of antlthrombln III: new 
therapeutic Implications.” 

SEMINARS IN THROMBOSIS AND HEMOSTASIS, 
(1998) 24 (1) 27-32, XP002116841 

* the whole document * 

DICKNEITE, G. (1): "Precllnical 

evaluation of antlthrombln III In 
experimental sepsis and DIG.” 

BLOOD, (NOV. 15, 1998) VOL. 92, NO. 10 
SUPPL. 1 PART 1-2, PP. 357A. MEETING 
INFd.: 40TH ANNUAL MEETING OF THE AMERICAN 
SOCIETY OF HEMATOLOGY MIAMI BEACH, 

FLORIDA, USA DECEMBER 4-8, 1998 THE 
AMERICAN SOCIETY OF HEAMATOLOGY. , 

XP0021 16842 

* the whole document * 

NIELSEN J.D. ET AL: "The effect Of 

antlthrombln on the systemic Inflammatory 
response 1n disseminated Intravascular 
coagulatl on.” 

BLOOD COAGULATION AND FIBRINOLYSIS, (1998) 
9/SUPPL. 3 (S11-S15). , XPD02116843 

* the whol e document * 

RISBERG B. ET AL: ”Ant1 thrombin: Facts 

and new hypotheses.” 

BLOOD COAGULATION AND FIBRINOLYSIS, (1998) 
9/SUPPL. 3 (S3-S6). , XP002116844 

* the whole document * 



Relevairt 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lm.CI.7> 




TECHNICAL RELDS 
SEARCHED (lnt.a.7) 



Tbe pf9s«n1 search reporl has been drawn up for all dabns 




THE HAGUE 



CATEQORV OF CITCO DOCUMENTS 

X ; parUnjIfirty reievani If titken atone 
Y : parQcutarty ratevani it combined anomer 
document of the same cafasgonr 
A ; tachnoiogtoal baokgrouhd 
O : rvon-written dsdoan 
P : imermeeSais document 



Date qf b o mp latiencil the —lofi Exambwf 

29 September 1999 Moreau, J 



T : theory or principle undartylng the inwentlon 
E ; earlier pmerrl document, but published on. or 
after the Ring dale 
D : documem cited in Vn appllcaQon 
L : documeni died for other reasons 



ft : member of the same pater^ family, oome q xmding 
document 














EPO FORM tB03 0D.« (P04001) 



EP 1 023 902 A1 




OKAJINA, K.: "New therapeutic 

Implications of antlthrombln III 
replacement In disseminated Intravascular 
coagulation and multiple organ failure." 
INTENSIVMEDIZIN UND NOTFALLMEDIZIN, (1996) 
VOL. 33, NO. 1, PP. 5-11. , XP002116845 

* the whole document * 

MAMMEN, EBERHARD F.: "Antlthrombln: Its 

physiological importance and role in DlC" 
SEMIN. THROHB. HEMOSTASIS (1998), 24(1), 
19-25 , XP0021 16846 

* the whole document * 

EP 0 629 406 A (BEHRINGWERKE) 

21 December 1994 (1994-12-21) 

* the whole document ♦ 



TSCHNICAk RELOS 
SEARCHED (lnLCI.7) 



The presont search report has been < 



THE HAGUE 

CATEGORY OF COED DOCUMEKTB 

X : panioutarly relevani If taten aJone 
Y : parllcufarty retevam R oomtined viAth arvrther 
doc u ne n i of the same category 
A : tsdmotegicB] background 
O : nofv-written dlsdosura 
P : tncermedlate documerit 



n up for afl daims | | 

Date of Qompietkyi et Uio m aa ieh Exomfcwf 

29 September 1999 Moreau, J 

T : Iheory or principle undertytng the Invention 
E : earQer patent documert, but pubished on. or 
after the f9tng date 
D : document died m the appOcafion 
L : document died for other reasons 

^ patent fan^. oorrBiyondng 

document 



6 





0 



EP 1 023 902 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 99 10 1808 



TMs ann«x lists th« palont famny members relating to the patent documents ctted In the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office Is In no vray liabio for these particulars which are merely given for the purpose of hformalion. 

29-09-1999 



Paterrt document 
cited in search report 



Publlcatian 

date 



Patent fam9y 
member(s) 




I Ptfr ihdre dotaKs att^thl^ pf the European Patent Office. No. 12/B2 



7 









